Study design: Quasi-experimental translational study with pre-and post-measures. Objectives: To determine the effects of the Spinal Cord Injury and Physical Activity in the Community (SCIPA Com) intervention on leisure-time physical activity (LTPA) and associated outcomes among participants with spinal cord injury (SCI). Setting: Young Men's Christian Associations and community fitness centers, Australia and New Zealand. Methods: SCIPA Com consisted of three stages: (i) training exercise professionals via the Train the Trainers Spinal Cord Injury course; (ii) implementation of supervised physical activity programs twice a week for 30 to 60 min for 8 to 12 weeks; and (iii) follow-up assessments on health outcomes over 9 months. Participants with SCI were classified as active or inactive by baseline LTPA levels and linear mixed methods compared LTPA between groups over time.
INTRODUCTION
A systematic review of literature has established that structured leisure-time physical activity (LTPA) is associated with better health and fitness among individuals with spinal cord injury (SCI). 1 Accordingly, physical activity is highly recommended for the prevention of secondary problems, as well as the enhancement of functional abilities, psychological well-being and community integration post discharge from rehabilitation services. [1] [2] [3] [4] Active lifestyles among the SCI population have been facilitated through referral systems from rehabilitation services to the community setting, 3 increased community involvement 5 and customized physical activity programs. 6, 7 Additional studies 8, 9 revealed benefits from interventions in community-based facilities, which reduced associated costs and transportation times.
Nevertheless, inactivity levels in the SCI population are alarmingly high. 10 Few studies have engaged the community or addressed barriers regarding accessibility, affordability and professional assistance. 11 Despite the known importance of community support, health education, multi-site and multi-faceted interventions, 12 no studies have combined these components to increase physical activity in people with SCI.
The Spinal Cord Injury and Physical Activity in the Community (SCIPA Com) intervention is an original initiative designed by the authors of this study to fulfill the demand for physical activity community services for people with SCI. A companion paper (that is, Perceived barriers and facilitators to physical activity before and after SCIPA Com) describes the development of SCIPA Com and the procedures required to transition individuals with SCI from institutionalized health care to a sustainable model of community health promotion and integration.
Three questions guided this research: Do structured physical activity interventions in the community increase LTPA levels, functional goal satisfaction, self-esteem and quality of life of people with SCI? Are the outcomes different for sub-cohorts that are classified as active or inactive at baseline? Do individuals with SCI adhere to physical activity in the longer term? The hypothesis is that a model of health promotion in community fitness centers can lead to improved LTPA levels and health in individuals with SCI over time.
Design
This was a quasi-experimental translational study with pre-and postassessments. We evaluated physical activity programs for people with SCI living in the community, which were delivered locally by community service providers. A control group involving no intervention was discounted because of the lack of interest and unethical withholding of physical activity and associated benefits. 1 Results were used to determine the effectiveness of the SCIPA Com intervention in several sites and in a large SCI population.
Participants
Recruitment was conducted between November 2011 and November 2013 in the Australian states of Western Australia, Victoria and Queensland, as well as one city in New Zealand (Christchurch). People with SCI were informed of the study via online newsletters from SCI organizations, referrals from health providers and using a snowball sampling method.
Participants were between 18 and 80 years of age, diagnosed with a complete or an incomplete SCI for 1 year or longer, with self-reported SCI classified as C5 to S4-5, having AIS (American Spinal Injury Association (ASIA) Impairment Scale) score A to C, with intact cognitive function, living in the community and medically approved to engage in physical activity. Subjects were excluded in cases of full recovery of movement and function post injury or if unable to perform physical activity in a fitness center due to medical contraindications or a self-reported SCI classified as AIS A-C4 or above. 13 Exercise professionals required accreditation in fitness training with their country's professional registration boards, Certificate levels 3 or 4 in fitness training or a university degree in health sciences, a minimum of 1-year work experience in the fitness industry and approval from their center manager to deliver SCIPA Com.
MATERIALS AND METHODS
The SCIPA Com intervention is described in Supplementary Appendix (SCIPA Com: A Model of Health Promotion and Community Integration). In summary, implementation of SCIPA Com in fitness centers involved three stages: (i) training exercise professionals on safety and adapted physical activity for people with SCI through 'Train the Trainers Spinal Cord Injury (T3-SCI)' course; (ii) delivery of customized physical activity intervention for clients with SCI based on their goals, physical strengths and personality attributes; 6 and (iii) baseline and three follow-up assessments over 9 months. This study was approved by Curtin University Human Research Ethics Committee (HR80/2010) and the Health and Disability Ethics Committees in New Zealand (13/STH/36). We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Stage 1
SCI organizations were contacted to determine the feasibility of SCIPA Com. Center managers of Young Men's Christian Associations and community fitness centers run by Local Councils were approached to offer exercise professionals the 'T3-SCI' course free of charge. This course was developed by experienced physical therapists, academics and stakeholders (that is, people with SCI) and accredited by national health and fitness industry associations of Australia (Fitness Australia) and New Zealand (Registry of Exercise Professionals). Exercise professionals were required to complete 10 h of guided training. They received ongoing support from physical therapists and were provided with Supplementary Materials and methods with emphasis on risk management and safety in the event of an emergency.
A SCIPA Com liaison officer referred participants with SCI to their nearest accessible fitness center, negotiated terms with gym managers and organized payments of monthly gym memberships, which ranged from $20 to $130 USD. Most exercise professionals agreed to participate in SCIPA Com without an honorarium, although those who earned income exclusively on the basis of personal training fees were compensated $20 to $25 USD per session.
Stage 2
Standard clinical questionnaires with documented construct validity and intra-and inter-rater reliability were used to measure four outcomes in participants with SCI: LTPA levels (via the 'Physical Activity Recall Assessment for Individuals with SCI (PARA-SCI)'), 14 functional goal achievement (with the 'Patient-Specific Functional Scale (SFS)'), 15 self-esteem (using the 'Rosenberg Self-Esteem Scale (RSS)') 16 and quality of life (through the 'World Health Organization Quality of Life Scale -BREF (WHOQOL-BREF)'). 17 PARA-SCI estimates the total time in minutes performing self-reported mild, moderate and heavy intensity LTPA in the three previous days, leading to the assessment date. 14 Goal-setting was recorded via PSFS scores of three or more nominated activities on a 10-point numeric rating scale. 15 Ten statements on the RSS are rated on a 4-point scale, with a total score below 15 suggesting low self-esteem. 16 A 5-point Likert-scale was used in the WHOQOL-BREF to measure 26 attributes of quality of life. 17 Baseline PARA-SCI results were used to stratify participants into the inactive group (performing ⩽ 150 min of moderate-intensity or 60 min of vigorous-intensity LTPA per week) or the active group (performing ⩾ 150 min of moderate-intensity or 60 min of vigorous-intensity LTPA per week). 18 Exercise professionals guided clients with SCI on physical activity participation for 30 to 60 min twice a week through individual or group sessions (with a maximum of three participants per exercise professional) at their discretion. The intervention was based on evidenceinformed physical activity guidelines developed for adults with SCI. 19 It included moderate-intensity endurance and strength training with progressive increments as tolerated, as well as flexibility, balance and proprioceptive activities. Exercise professionals were instructed to supervise the intervention at all times, proceed with caution and record any adverse events.
Stage 3
Assessments were carried out by two trained researchers in person or via telephone calls and required 1-2 h to complete. In addition to baseline measures, participants were assessed on three other occasions: 3 months (immediately after intervention), 6 months and 9 months. During follow-up assessments, participants were informed on their progress and encouraged to remain active by independently progressing their physical activity program or partaking in alternative activities of their interest. Several fitness centers that participated in SCIPA Com also offered discounted membership fees to enable participants' continuous access to facilities post intervention.
Statistical analysis
Descriptive statistics of participants at baseline and outcome measures over four assessment periods were calculated using STATA/IC 13.1 for Windows (StataCorp LP, College Station, TX, USA). Independent samples t-tests, Mann-Whitney U-tests and χ 2 tests were applied to compare baseline differences between the active and the inactive groups.
The distribution of variables was analyzed through normality statistics (skewness and kurtosis), histograms and boxplots. Standard errors were bootstrapped using 1000 replications to account for slight deviations from normal distribution. Participants involved in at least baseline and 3-month follow-up assessments were included in the statistical models.
Separate linear mixed models were used to compare LTPA levels, functional goal achievement, self-esteem and quality of life scores between assessments periods. Individuals were included as a random intercept to account for repeated measurements.
Linear contrasts were used to compare the estimated means against baseline values. Interactions between active/inactive groups and time were tested in the model. Results are reported as estimated mean differences, 95% confidence intervals and probability values (with statistical significance set at Po0.05).
RESULTS
From a total of 39 community fitness centers contacted, 32 undertook training in SCIPA Com. In Stage 1, the 'T3-SCI' course attracted interest of 95 exercise professionals. Just over half completed the training (n = 50). From this pool of exercise professionals, 32 were sought by one or more clients with SCI. Figure 1 displays participation numbers among individuals with SCI throughout Stages 2 to 3.
Sixty-four participants with SCI completed the intervention and provided data for preliminary statistical analysis. Their demographic characteristics are presented in Table 1 . The average age, proportion of causes of SCI and motor level of the participants are similar to those reported in a 2009 epidemiological study involving Australians with SCI. 20 Male SCIPA Com participants were over five times more likely to be active compared with females at baseline (Po0.001), and the active group had a fivefold chance of having a traumatic SCI compared with the inactive group (Po0.001).
Response rates reduced to 95.3% at 6-month follow-up assessments. The final follow-up period was censured because of project time constraints, finalizing assessments with 40 subjects.
Total group increases in LTPA were significant in all assessment periods compared with baseline as shown in Table 2 . LTPA was highest at the end of the intervention (3 months). Although LTPA decreased after 6 and 9 months, they remained statistically higher compared with baseline and above levels recommended in physical activity guidelines 18, 19 thereby showing adequate maintenance effects after 3 months. Only one adverse event was reported for a participant who had a shoulder re-injury due to excessive weight training in week 11.
Greater improvements were observed in the inactive cohort compared with the active population, who maintained appropriate LTPA levels over time as shown in Figure 2 .
Total group and separate group analysis indicated significant improvements in secondary health outcomes over most follow-up periods, as presented in Tables 3 and 4 . Subgroup analysis revealed that the percentage of individuals in the active group who maintained LTPA levels above the threshold was 100% (n = 27) at 3 months, 89% (n = 24) at 6 months and 93% (n = 25) at 9 months. A reduced proportion of people in the inactive group displayed LTPA levels above the threshold at 3 (76%, n = 28), 6 (47%, n = 17) and 9 months (50%, n = 19).
DISCUSSION
SCIPA Com is the first intervention to engage community-based fitness centers (for example, Young Men's Christian Associations) and exercise professionals readily available in a variety of locations, as opposed to hospitals and university facilities or home-based interventions. 8, 9 In agreement with other studies, interventions delivered by exercise professionals via SCIPA Com showed increased physical activity uptake and reduced expenses, while making these services available to others in the community. 8, 21 The 'T3-SCI' course also provided exercise professionals with an opportunity to adapt their knowledge in health and fitness for clients with SCI. Their lack of experience with people with disabilities did not deter development of effective programs. Our hypothesis was supported by the fact that, regardless of baseline differences, at the conclusion of SCIPA Com, subjects reported an average of 60 min of moderate-to-heavy LTPA per day. This value surpassed the daily recommended LTPA levels (20 min per day of moderate-to-heavy LTPA) 19 and standards set by the American College of Sports Medicine. 18 The average improvement was remarkably higher in this study compared with similar programs that resulted in improvements between 17 and 155 min of LTPA per week. 8, 9 This difference was possibly due to the alignment of exercise programs with the patient's expectations and capabilities.
Reported increases in LTPA among SCIPA Com participants were accompanied by improvements in functional satisfaction and quality of life. Initial comparisons between the active and inactive groups in SCIPA Com had already indicated better quality of life among the active group, as did a cross-sectional study involving 264 individuals with chronic SCI. 4 Physical activity is known to enhance psychological well-being and self-efficacy, 2 which may have been reflected in improved functional satisfaction scores.
van Leeuwen et. al. 2 observed a moderate association (r = 0.23-0.62) between quality of life and self-esteem, which partially explains improved self-esteem measures obtained in this study. Nevertheless, our study was the first to analyze improvements in self-esteem in people with SCI within the context of a physical activity program, and further investigations are warranted.
The number of people with SCI across different states in Australia and in New Zealand interested in participating in SCIPA Com revealed an important and an unmet demand for physical activity opportunities in community-based facilities after discharge from rehabilitation services. Previous studies reinforce this demand with reported high attendance rates in health promotion initiatives, hosting between 140 health professionals 5 and 135 wheelchair users. 8 However, the large number of exercise professionals who did not follow through with 'T3-SCI' indicated difficulties in their engagement. Exercise professionals had the autonomy to complete the online course at their convenience, which was a different approach from that adopted by 'SCI Action Canada' and 'SCI Ontario' events. 5 These events presented an established time frame with the participation of a larger cohort in the community, which could be better incentives to increased participation.
Finally, our findings are consistent with studies that revealed the influence of gender and lesion characteristics on physical activity behavior. 22 Men with SCI are believed to be more active because of gender role activities (such as physical tasks), having greater interest in sports, being more competitive/risk-taking and receiving better social support to engage in physical activity compared with women. 22 Having extroverted traits may have also increased the risk of traumatic SCI. 23 CONCLUSIONS SCIPA Com is an ecologically valid intervention for those at risk of inactivity. It is based on training and support provided to community exercise professionals who, although new to adapted training, delivered effective physical activity interventions. Previously inactive individuals with SCI significantly improved LTPA participation, quality of life, self-esteem and functional achievements. Results indicate that rehabilitation professionals and liaison officers should emphasize risk management and safety procedures during the training of exercise professionals. At the same time, people with SCI need to be involved in community physical activity programs post discharge from rehabilitation services.
Future research
Assistance for those who did not adhere to physical activity in the later stages is still warranted. Factors associated with inactivity among women and difficulties with community engagement need to be addressed in prospective studies. An economics analysis is also necessary to determine the sustainability of SCIPA Com over time. DATA ARCHIVING There were no data to deposit. Mean and s.e.m. of scores over time; score difference compared with baseline and 95% CI. *Po0.001 and **Po0.05 indicate significant differences between estimated means at baseline compared with follow-up periods using separate linear mixed models.
